In recent trends, the image transmission over wireless communication system in 4G LTE (Long Term Evolution) grow into a challenging task. OFDMA (Orthogonal Frequency Division Multiple Access) plays a key role in data transmission (text, image and video) over wireless systems. In OFDMA several transformation techniques have been used for the transmission of images. But they have some drawbacks such as increased number of carriers, increased delay estimation, high ISI and ICI. Hence, to overcome these drawbacks, an image transmission over wireless communication is proposed using DWT technique. OFDMA has several benefits like less complexity, high flexibility and high spectral efficiency. However, still, it lacks in noise reduction and increased error rates. To avoid these issues, SC-FDMA (Single Carrier Frequency Division Multiple Access) techniques is introduced in this work for the image transmission over wireless communication systems. In this proposed work, a DWT based SC-FDMA system is implemented to reduce the noise and interference using wavelet transform analysis. The performance measure of SNR, PSNR, BER and MSE for the proposed DWT based SC-FDMA system is evaluated using MATLAB. The results indicate that the proposed technique affords superior performance with a reduced BER.
Wireless application has been developed more quickly than the wired amenities in recent times. The absolute need for wireless communication is its increased speed and high quality. With the intention of getting these demand, an authoritative multi-carrier modulation technique is required. Various modulation techniques have emerged in the ancient times. Among these, the OFDMA (Orthogonal Frequency Division Multiple Access) modulations techniques is the best model which has increased spectral efficiency over high data rate 1 . The architecture of OFDMA is explained as follows. Initially, the input signals are converted using a serial to parallel converter, and bit mapping is done. From this, the frequency domain signals are then converted into time domain signals using Inverse Fast Fourier Transform (IFFT). Then the signal is spread over a communication channel, and at the receiver side, the Fast Fourier Transform (FFT) can be utilized for converting the time domain signals into frequency domain signals. Then the signals are converted into bit streams using bit mapper, and finally, the signal is retrieved from the parallel to serial converter.
This OFDMA can eliminate the InterSymbol Interference (ISI) and noise in the channel. One among the main problems of OFDMA is the distortion in the transmitted signal while traveling through a channel. Because of the nonlinear effects in the high power amplifier, the OFDMA produces a High Peak-to-Average Power Ratio (PAPR) and Mean Square Error (MSE). These peaks of the multiple carriers are massively high which needs an increased power for the broadcast of data. On behalf of this purpose, OFDM is used for the downlink transmission in LTE which cannot be used for uplink transmission. This also becomes a drawback in the OFDMA system. Several existing techniques are used for the reducing the levels of interferences and noise in OFDMA. However, still, there may be a lack of the noise reduction and removal of unwanted signals from the system. Hence, a new technique called Single Carrier FDMA (SC-FDMA) technique is introduced recently to solve the issues mentioned above.
The broadcast of the image is a central provision in the third generation communication systems and also in the future generations 2 . The key resolution of this is to encounter the on system which can send the data at high speed with the acceptable level of bit error rate (BER). The wireless transmission medium is affected by the mobility of users and multipath propagation; the image transmission becomes a challenging demand in the mobile radio systems. Generally FFT is used for the transfer of images. However, it has some drawbacks like the increased number of carriers, increased delay estimation, high ISI and ICI. Hence, to overcome these issues, an image transmission over wireless communication is proposed in this work using the SC-FDMA-DWT technique. It is merely a developed form of the single carrier with frequency domain equalization (SCFDE) system which helps in the accommodating multiple access to multimedia services. It is implemented by the third generation partnership project (3GPP) for the uplink broadcast in the LTE system standardization. It consists of lower signal fluctuations which significantly absorbs less energy that results in the prolonged life period of the battery. This technique permits the system to reduce the signal distortions and PAPR problems. This SC-FDMA technique can be processed along with the DWT for the image transmission over wireless communication systems. The key goal of this paper is to remove the unwanted signals and noise during the image transmission using SC-FDMA. Also with the intention to improve the quality of image transmission by reducing the BER the DWT is used in this work. Also, it has the advantages such as • Blocking artifacts are avoided as it has higher compression ratios • The input need not be partitioned into non-overlapping blocks while coding.
• It allows good localization both in time and spatial frequency domain.
• It introduces inherent scaling and performs the transformation of the whole image.
• Higher flexibility
The remaining sections of this work are structured as follows: Section 2 examines some of the existing works related to image transmission techniques in wireless communication. Section 3 provides a comprehensive explanation of the proposed SC-FDMA system. Section 4 presents the performance results of the proposedsystem. Finally, this article is completed with the conclusion and future work in Section 5.
Related Work
The interference and noise are the most challenging issues in wireless transmission with high data rates. Due to the multipath propagation, ISI is caused which leads to an error and poor performance in the system. Also, it causes an increased sensitivity and High Peak-to-Average Power Ratio (PAPR). To overcome these issues, Ref 3 introduced a technique of OFDMA-SC-FDMA systems with various modulation subcarrier mapping schemes. This proposed technique offers better results with good quality of image compared to the traditional techniques. In Ref 4 a two-layer image encryption method for a Discrete Cosine Transform (DCT) pre-coded OFDM-VLC transmission is used. Here the two stages were involved in the transfer of images in which image encryption was implemented in the initial phase, and after that, the encrypted images were converted into digital signals. In this work, it improved the BER performance and also reduced the PAPR using DCT based pre-coding method. For secure image transmission without any noise or interference, Ref 5 presented a technique for DFT pre-coded OFDM based VLC method with the use of Chebyshev chaos maps. In this work, the transmitted signals are encrypted using Chebyshev chaos and transformed using DFT method to acquire a secured image with improved BER performance.
The requirements for 4G LTE mobile communication systems are low BER, spectral efficiency, multiple channel bandwidths and high data rate. To encounter these requirements, Ref 6 suggested OFDMA and SC-FDMA technique. It also enhanced the uplink transmission of data over the system. Associated with the conventional methods, the proposed method delivered better performances. Ref 7 stated the difficulties in the communication of multimedia with various channel circumstances and bandwidth capabilities over a network. Some of the leading techniques in recent research areas like OFDMA techniques, Smart antennas and MIMO, cognitive radio, image compression and encryption methods were reviewed in this paper. Various modern signal processing techniques were also adopted for the analysis of these techniques. The features of OFDMA and CDMA were inherited to form a new multiple access technique called Multi-carrier Code Division Multiple Access (MC-CDMA) which was proposed in 8 . This proposed technique was used for image transmission over a range of networks. Also, the parameters used for analysing measures of image quality like SNR and BER were evaluated and compared with the existing methods. This proposed technique improved the performance of the system. The paper 9 studied the numerous techniques used for the image transmission over LTE communication system. The chief goal of this work was to find the efficient technique that enhanced the image transmission that was implemented over LTE system. Various modulation methods like QAM, BPSK and QPSK were also used in this work. By using these techniques, an optimum image transmission with better performance was obtained. In 10 , the issues in the wireless communication of images over OFDM were investigated and evaluated for various modulation schemes, different channels and subcarrier mapping schemes. Initially, the OFDMA system model was implemented, and the metrics that are used for the evaluation of image quality like BER, MSE and PSNR were studied in this work. The results that were obtained from the proposed method improved the PSNR and MSE performances to a great extent.
For a very high data rate transmission over multipath access in 4G wireless services, OFDM was used 11 . In this article a MIMO OFDM wireless communication system with compression technique was implemented. Ref 12 presented a method of reducing the peak to average power ratio in OFDM system. The method was based on DCT aided successive addition and subtraction of OFDM symbols inside the single OFDM frame. Using this technique in the receiver side, the transmitted symbols could be decoded easily by taking simply the differentiation after IDCT. Ref 13 investigated MIMO-OFDM systems that function with deficient cyclic prefix (CP). The results show that, after only 2 iterations, the Bit Error Rate (BER) of the proposed equalization method can combine to that of a acceptable CP system alike when the channel delay spread is 6 times longer than the insufficient CP.
Ref 14 analyzed numerous compression techniques and communication models. Various compression techniques such as Run Length Encoding (RLE), Precision Run Length Encoding (K RLE), Discrete Cosine Transform (DCT) and Wavelet Transform have been studied, where it was found that K-RLE reduce the data size more effectively than Run Length Encoding .Discrete Cosine Transform and Wavelet Transform had utilities in data compression as well as in noise elimination. Noise removal by median filter was more effective than average filters. This reduced the error rate by obtaining improving BER performances. JPEG2000 based on channel allocation method and Orthogonal Frequency Division Multiplexing (OFDM) was proposed in 15 . This work was aimed to boost the quality of the secondary users received image by providing dynamic access to the unused spectrum, without violating the interference requirement to the primary user. Channels with better condition are used to transmit essential data in JPEG2000 coded bit-stream. Therefore, reception of determinative bits is guaranteed.
For a protected transmission of a colour image in an SCFDMA wireless communication system, an analysis of BER performances was studied in 16 . In this proposed work, an improved method of encryption technique based on the chaos image was implemented with three different channel equalization techniques and three different modulation schemes. The relative examinations of the proposed and existing technologies were carried out in this work. From the results of this work, it is detected that the QAM and ZF provide performance in the system. In Ref 17 an efficient and robust source and channel coding algorithm were proposed for the improvement in the transmission of images over wireless communication systems. A modified OFDM was used for robust image transmission in which a Set Partitioning Hierarchical Trees (SPHIT) was used as a source coder and a LowDensity Parity Checker (LDPC) was used as a channel coder. This proposed method provided a reduction in PAPR for the OFDM signal. Also, significant improvements in PAPR and BER were obtained as a result of this method. In the recent generation of wireless systems, the image and video transmission at high data rates became applicable with the advancements in the data reliability. Here an imbalanced power allocation technique was introduced 18 over MIMO systems. This method was used to improve the transmission of images and videos in the MIMO communication systems by eliminating the noise and distortions in the signals. The technology that used multiple antennas for high performance 4G wireless system became popular in recent times. The range, reliability of communication systems and network capacity was increased. Here an OFDM method was used for high data rate transmission of images over the wireless network 19 . It could be combined with the multiple antennas to improve the system capacity and diversity gain in the MIMO-OFDM system. Also, a compressed technique called turbo coder was introduced in this work to improve the system coverage and reliability. Effective results were obtained in the BER performances of the image transmission system.
From the literature survey, it is concluded that even though the OFDM has various advantages like high spectral efficiency, low complexity, high flexibility and it is suitable for high data rate. However, this OFDM based wireless communication systems have some significant drawbacks like • Sensitive to time and frequency synchronisation errors
• Reduced efficiency gains • High Peak to Average Power Ratio (PAPR) Proposed Method
Several existing drawbacks that are analyzed from the survey are overcome by using a novel SC-FDMA technique for image transmission. In this section, the proposed SC-FDMA and their various sub-carrier mapping are discussed briefly. The functional block diagram of the proposed SC-FDMA technique is shown in Figure. 1 and explained as follows.
From the diagram Figure. 1, it is observed that the block diagram of SC-FDMA is similar to that of OFDMA system. SC-FDMA has an additional section of DWT at the transmitter and IDWT at the receiver. Also the cyclic prefix is appended with the signal in transmitter side to reduce the bit losses during compression and it can be removed at the receiver side while retrieving the signals. In this projected SC-FDMA system, the input subcarriers are transmitted in serial which results in low PAPR than OFDMA system.
SC-FDMA
The transmission that is required for uplink communication is the primary consideration for LTE. SC-FDMA is a pre-coded OFDMA scheme which has a supplementary step of decoding after the process of conventional OFDM 20 . In general, SC-FDE (Single Carrier Frequency Domain Equalization) and FDMA (Frequency Division Multiple Access) systems are combined to form this SC-FDMA technique 1 . The highest powers of the sub-carriers are great in OFDMA which effects in the requirement of high power for the transmission of multiple subcarriers. The major consideration of PAPR can be enhanced by the replacement of OFDMA with a single carrier equivalent system. This is because the single carrier peaks require less power for transmission when compared to the multiple subcarriers. This can be attained by the use of spreading codes like DFT and IFFT with the same size. By using this spreading code, the multiple subcarriers has similar PAPR as that of single carrier which becomes SC-FDMA system due to their DFT and IDFT cancellation. Some processes are executed earlier to the transmission in SC-FDMA. No process of DFT can be done in the transmission of OFDMA whereas, in SC-FDMA, the operation of DFT is carried out before the 
Sub-carrier Mapping
The sub-carriers are mapped using two methods such as the localised mapping method and distributed mapping method 3 . The localised mapping method is mentioned as a localised scheme in which the transmission of data for each user is carried out with consecutive subcarriers. Whereas the distributed mapping method is mentioned as a distributed scheme; The transmission of data for each user is carried out with distributed subcarriers. Among these, the distributed scheme is more powerful in contrast to the frequency selective fading because of the information signals that are distributed across the whole signal band.
Wavelet Transform Analysis
The Discrete Wavelet Transform (DWT) is applied to the input image which has established a substantial reputation in image compression and shown in Figure 2 . This wavelet coding scheme is appropriate for scalability and degradation of tolerability in the packages. Recently, a new coding called JPEG-2000 has been released based on DWT. It is a frequency domain image method which is used to fragment the signal into sub- signals. The prime objective of this DWT method is to conceal the data in the form of coefficients, and it can be analyzed in the filter banks. This wavelet is represented using the dilations and transferring for a signal x(t) which can be expressed as 21 ... (1) Where a is the scaling parameter b is the shifting parameter t is the discrete value in random variable x(t).
The algorithm of DWT
The steps that involved in DWT process are as follows:
• DWT is applied to the structure of an image of size A x B pixels providing four sub-images: LL, LH, HL, and HH with the size of pixels.
• These sub-images cause four coefficient vectors with each of length .
• These coefficient vectors are evenly quantized and are binary coded with M bits or coefficient to arrange four-bit streams.
• The bit streams are then collected in the form of packets and are plotted on the SC-FDMA system.
The parameters that are used in this work are input image, number of subcarriers, IFFT size, modulation method, the ratio of energy and signal to noise in dB. The input image must be selected with 8-bit grayscale bitmap file (*.bmp), and the IFFT size must be minimum of 8. The digital modulation methods used in this work are QPSK, 8-PSK, 16-QAM and 64-QAM. 
Modulation and Demodulation
The SC-FDMA is a technique in which the frequency spacing of carriers are a pair of 1/T where T is the period required for modulation. It is considered by an overlap of spectral signal that is transmitted on various carriers. In the modulation method, each modulator has an allocated pattern that is identical, and the polar coordinates of the transmitted signal comparative to k th carrier in the interval [(j-1)T,jT], the signal that is communicated can be signified as ... (2) where, is the elemental frequency
The signal transmitted on the channel is a total of sinusoidal carriers, modulated with arbitrary phase and amplitude. is the signal transmitted on the channel ... (3) where N is the number of sinusoidal carriers. The time duration of SC-FDMA modulation impulse can be expressed as ... (4) Where D is the source bit-rate A is the bit quantity of each transmitted symbol Ts is the time period of a symbol 
Experimental results and discussions
This section evaluates the performance of the image transmission over wireless communication systems using SC-FDMA technique. The performance of this proposed technique is analysed using the parameters like SNR, PSNR and MSE in the transmitted signal.
Signal-to-Noise Ratio
Signal to noise ratio is the comparison of the preferred signal level with the noise level. i.e., it is calculated as the proportion of power of signal and noise which are denoted in decibels (dB).
... (5) In decibels, SNR will be expressed as ...(6)
Mean Square Error
The Mean Square Error can be defined as the measure of the typical square of the errors. For image transmission it can be stated as ... (7) Where, is the number of pixels and are the transmitted and received images respectively.
Peak Signal-to-Noise Ratio
The Peak Signal-to-Noise Ratio can be obtained from the proportion of maximum powers in the signal to the noise. Usually, PSNR can be conveyed through logarithmic decibel (dB).
... (8) Where, is the maximum pixel value of the image. It helps in the analysis of quality of the received image.
In this work, the performance measures are analyzed for the input images with various size and modulation methods are considered for the analysis of SNR and BER in the image transmission. Figure 3 . The SNR value can be obtained as 31 with BER of 2.9866e-06. Table 2 shows the performance measures of the proposed SC-FDMA technique for 64x64 pixel input image. The parameters like SNR, PSNR and MSE for the proposed SC-FDMA technique are 31, 27.7831 and 108.3363 respectively and Output of the proposed SC-FDMA technique for the 64×64 image is shown in Figure 4 . Table 3 shows the performance measures of the proposed SC-FDMA technique for 128×128 pixel input image. The parameters like SNR, PSNR and MSE for the proposed SC-FDMA technique are 31, 29.8944and 66.6261respectively and Output of the proposed SC-FDMA technique for the 128×128image is shown in Figure 5 .
From this evaluation, it is observed that even though in the substantial pixel variation of the 256x256 image is shown in Figure 6 . The rate of PSNR reached maximum level with reduced error rate using our proposed SC-FDMA technique. Figure 7 . From the graph, it is observed that the QPSK modulation has a minimum BER error at various SNR rates. Also the BER that are obtained using this proposed technique provides better performance compared to the existing OFDM technique 21 . The QPSK performance of the proposed SCFDMA shows better results compared to the existing OFDMA technique
Conclusion and Future work
In this work, the issues of image transmission in wireless communication systems over OFDMA are discussed. Even though OFDM have various advantages, still it lacks in some criteria like increased bit error rate, high PAPR and reduced efficiency. To avoid these drawbacks, an SC-FDMA technique is implemented in this work for the transmission of image over wireless communication systems. In this proposed work, the SC-FDMA is implemented to check and reduce the error using wavelet transform analysis. The performances like SNR, PSNR, BER and MSE are evaluated using MATLAB. The results indicate that the proposed technique offers better performance with a reduced error. Also, the BER for different modulation techniques is evaluated and concluded that the proposed SC-FDMA technique with QPSK modulation provides reduced BER. In future, the security of the SC-FDMA technique will be improved by using suitable encryption algorithm.
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